Pavlovian conditioning processes may contribute to some symptoms of multiple chemical sensitivity (MCS). This review summarizes the potential relevance of the literature on conditional taste and olfactory aversions, conditional sensitization, and conditional immunomodulation to understanding MCS. A conditioning-based perspective on MCS suggests novel research and treatment strategies. -Environ Health Perspect 1 05(Suppl 2): 521-526 (1997) 
Introduction
Multiple chemical sensitivity (MCS) is a complex and poorly understood disorder. Patients present a variety of symptoms. Sometimes precipitating events are identified, and sometimes the symptoms seem to appear without clearly defined causes. It is unlikely that any one mechanism will account for all the various manifestations of MCS.
Among the many disciplines that may contribute to our understanding of MCS is Pavlovian conditioning. Pavlovian conditioning, also termed classical or respondent conditioning, is defined by a set of operations in which a neutral conditional stimulus (CS) is paired with a biologically significant unconditional stimulus (UCS). At reflexively (unconditionally) elicits some response, termed the unconditional response (UCR). As a result of CS-UCS pairings, the CS becomes associated with the UCS. The acquisition of this association is revealed by the emergence of a new response to the previously neutral CS. Because this new response is conditional on CS-UCS pairings, it is called the conditional response (CR).
Once established, the CR may be elicited by stimuli other than the CS. Such conditional responding to novel stimuli is termed generalization. Typically, the greater the similarity between the novel assessment stimulus and the CS used in acquisition, the greater the strength of the generalized CR. The CR acquired following CS-UCS pairings may be attenuated by repeated presentations of the CS without the UCS; this procedure is called extinction.
Several phenomena studied by conditioning researchers may be relevant to MCS. This review concentrates on gustatory and olfactory aversion learning, conditioning analyses of sensitization, and conditional allergic reactions.
Gustatory and Olfactory Aversion Learning
There has been a considerable amount of research on developing an association between a flavor CS and malaise. If a distinctive flavor is followed by illness, many species (including humans) rapidly learn to associate the events (1) . This association is evidenced by a behavioral avoidance of the flavor; i.e., following illness, alternative flavors are preferred to the illness-paired flavor. The association also is manifest by a negative affective reaction to the flavor; i.e., when exposed to the illness-paired flavor, rats display orofacial responses that indicate distaste (2) and people report that the flavor makes them ill (3). Flavor-aversion learning is especially robust. The aversion may readily be established (only a single pairing is necessary), and occurs despite a long interval (e.g., hours) between exposure to the flavor and the induction of illness (1) .
The illness responsible for the aversion may result because the ingested substance actually contains a toxin (e.g., aversion for a food tainted with Salmonella), or because an experimenter administers the aversive agent (e.g., aversion for a harmless food that has been paired with administration of an emetic drug), or because the individual experienced an event that caused illness some time after exposure to the flavor (e.g., aversion to a food that was followed by the person's contracting a stomach virus, or undergoing chemotherapy).
Flavor aversions are very sensitive indices of toxicosis. That is, an aversion for a normally palatable flavor develops even when only a very small dose of toxin is administered subsequent to ingestion. Indeed, such learned aversions may be more sensitive measures of toxicity than other more traditional assessments (4, 5 
Sensitization to Irritants as a Learned Response
There is an extensive literature on pharmacological conditioning (9, 10) . A variety of CSs (e.g., environment of drug administration, time of drug administration) when paired with administration of various pharmacological UCSs come to elicit pharmacological CRs. Although the characteristics of conditional drug responses depend on the nature and mechanism of the drug effect (11) , for many effects of many drugs the pharmacological CR looks like the drug effect. That is, when presented with environmental cues that have previously signaled a drug, humans and other animals respond with druglike CRs.
When the usual drug is administered in the context of the usual predrug cues, the effect of the drug may be augmented by the pharmacological CR combining with the pharmacological UCR. As the association between the predrug cues and the drug effect grows stronger, this augmentation will become progressively greater. A progressively greater response to a drug over the course of successive administrations is termed sensitization, and there is considerable evidence that sensitization is, in part, attributable to conditioning (12) .
For example, in the drug-experienced (and drug-sensitized) organism, administration of the drug in a context not previously associated with the drug often results in a reversal of sensitization; a small drug effect is seen that is characteristic of nonsensitized responding (10) . Thus, by altering the context of drug administration, the effect of the drug is not augmented by any conditional drug response.
The effects of some irritants display sensitization. Mice (which are about as sensitive to formaldehyde as humans) are more sensitive to the aversive effects of an irritant on reexposure than they were on initial exposure (13) . Such sensitization may also be seen with respect to the respiratory rate reduction effects of irritants; the effect increases over the course of repeated exposures (14) . It is likely that conditioning contributes to such sensitization. That is, the effects of irritants can be elicited by environmental cues paired with the chemical, and the sensitized response in the irritant-experienced organism is attenuated by altering the context of irritant exposure.
If CRs contribute to irritant sensitization, it would be expected that the effects of irritants could be conditioned. Such a finding was reported by Alarie (15) , who paired a light CS with an airborne irritant (ethanol). The respiratory rate reduction initially elicited by the irritant came to be elicited by the light. The contribution of this respiratory CR to sensitization is apparent in experiments that altered environmental cues. The results of such experiments suggest that sensitization is apparent only when animals are repeatedly exposed to formaldehyde in the environment in which the respiratory measurements were made (13, 16, 17 (18) .
As recently suggested by Wood and Colemen (13) , the extreme sensitivity to irritants reported by some MCS patients may represent a conditional sensitized response. That is, these patients may have been exposed to irritants in the context of distinctive environmental cues. After some number of pairings, the environment itself may elicit a conditional irritant response, which may augment the responding produced by existing low levels of irritants. The individual would display sensitized responding to the irritant:
"If airborne concentrations of irritants are sufficiently aversive, they may act as unconditioned stimuli necessary for respondent conditioning to occur. Subsequent exposure to previously ineffective concentrations, or to other stimuli associated with chemical irritation, might result in the elicitation of conditioned responses that are unpleasant in and of themselves or have behavioral or other effects" (13 (25) . MacQueen et al. (26) demonstrated that a protease specific to mast cells was released in response to an audiovisual CS that had in the past been paired with EA in rats sensitized to the protein.
The extensive literature on conditional immunomodulation has been reviewed elsewhere (23, 27 (32) . That is, if a CR is established with a particular CS, there is relatively litde generalization shortly after the conditioning experience; only the CS, or stimuli very similar to the CS, elicit CRs. The generalization gradient is said to be peaked at the value of the CS. However, more and more stimuli become capable of eliciting conditional responding as a function of the time since pairing. Thus, some days or weeks after CS-UCS pairing, even stimuli that are quite dissimilar from the training CS may elicit CRs. On the basis of a conditioning interpretation of MCS, it would be expected that the range of stimuli that elicit symptoms should increase as a function of the passage of time since the exposure that precipitated the disorder.
Expettion Effects
According to a conditioning interpretation, some symptoms of MCS may represent CRs in response to cues that in the past have been paired with a chemical. Thus, the reason why ordinarily innocuous levels of a chemical elicit symptoms is that, for example, the odor or taste of the substance actually elicits the aversive reactions. Speaking casually, according to this analysis, it is the expectation of the chemical rather than the pernicious effects of the chemical that is responsible for the patients' complaints. To distinguish the effects of expectation of chemical from the direct effect of chemicals, investigators typically use the double-blind design. There have been suggestions that MCS patients be evaluated using the double-blind procedure (33) . There are, however, more powerful designs to separate the effects of drug expectation from direct drug effects. One that has been especially useful in alcohol research is the balanced placebo design. The advantages of the balanced placebo design over the traditional double-blind procedure have been discussed elsewhere (34 
Individual Differences
There are individual differences in the rates of formation of pharmacological CRs (36) . Even within a highly inbred strain of rats, there are substantial individual differences in the magnitudes of taste aversion learning (37) . If some cases of MCS are interpretable as instances of conditioning, it is possible that these patients are particularly susceptible to some types of conditioning. Consider the patient whose symptoms are consistent with a conditional aversion interpretation of MCS. Does this patient learn aversions especially readily? Although there are obvious ethical problems in evaluating the susceptibility of an individual to develop an aversion to a flavor paired with illness, there are procedures that may be applicable. Rotation-induced discomfort is effective in inducing an aversion for a novel flavor that precedes rotation (38) , and the procedure has been used with humans (39) .
Many patients receiving chemotherapy report taste aversions that are attributable to associations between the taste of food eaten before chemotherapy and the emetic effects of the chemotherapy (40) (41) (42) . Those MCS patients who undergo a course of chemotherapy for cancer may provide information about the contribution of gustatory aversion learning to MCS. Are these individuals especially likely to display taste aversions as an effect of chemotherapy?
Alternatively, it is possible that MCS patients have unusually low sensory detection thresholds. They may be able to detect certain odors at very low concentration levels and thus form associations to lower concentrations of olfactory CSs than most of the population. Although there is evidence that patients with apparent MCS do not differ from controls with respect to odor detection thresholds for some chemicals (phenyl ethyl alcohol and methyl ethyl keytone), the possibility of olfactory hypersensitivity in these patients warrants further research (43) . Treament Once CRs are established, they can be eliminated by extinction (repeated presentation of the CS in the absence of the UCS) and counterconditioning (pairing the CS with another, nonaversive UCS). As applied to human symptoms believed to result from classical conditioning (e.g., some phobias), the treatment strategy employing these procedures is termed systematic desensitization. There are some reports that this treatment strategy is effective with some MCS patients (8, (44) (45) (46) 
Conclusions
This paper has summarized the potential of Pavlovian conditioning to aid in understanding some instances of MCS. It should be noted that there are learning paradigms other than Pavlovian conditioning that may contribute to our understanding of MCS. Whereas Pavlovian conditioning is concerned with an association between two events (the CS and UCS), instrumental (operant) conditioning focuses on the association between a response and a reinforcer. Instrumental conditioning can also be used in the study of MCS. For example, instrumental conditioning has been used to evaluate the aversive effects of irritants. In one recent experiment, an instrumental conditioning procedure was used that provides an elegant animal model for investigating the aversive properties of formaldehyde (13 (48) . They also can modulate the lethal effects of several drugs (49) (50) (51) and alter the course of autoimmune diseases (52) . Given the ready applicability of the Pavlovian conditioning paradigm to many instances of MCS, it is possible, as suggested by Bolla-Wilson et al. (8) , that "the causal mechanism for prolonged physical symptoms and sensitivity to common environmental substances can best be conceptualized in a classical conditioning model."
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